"Self-construal" refers to how individuals view and make meaning of the self, and at least two subtypes have been identified. Interdependent self-construal is a view of the self that includes relationships with others, and independent self-construal is a view of the self that does not include relations with others. It has been suggested that priming these two types of self-construal affects the cognitive processing style that an individual adopts, especially with regard to context sensitivity. Specifically, an interdependent self-construal is thought to promote attention to others and social context to a greater degree than an independent self-construal. To investigate this assertion, we elicited motor-evoked potentials with transcranial magnetic stimulation during an action observation task in which human participants were presented with either interdependent or independent self-construal prime words. Priming interdependent self-construal increased motor cortical output whereas priming independent self-construal did not, compared with a no-priming baseline condition. These effects, likely mediated by changes in the mirror system, essentially tune the individual to, or shield the individual from, social input. Interestingly, the pattern of these self-construal-induced changes in the motor system corroborates with previously observed selfconstrual effects on overt behavioral mimicry in social settings, and as such, our results provide strong evidence that motor resonance likely mediates nonconscious mimicry in social settings. Finally, these self-construal effects may lead to the development of interventions for disorders of deficient or excessive social influence, like certain autism spectrum and compulsive imitative disorders.
Introduction
In their classic paper, Markus and Kitiyama (1991) suggested that individual concepts of self, or self-construals, vary across cultures (for review, see Markus and Kitiyama, 1999; Cross et al., 2011; Chiao et al., 2009; Han and Northoff, 2009) . Specifically, Markus and Kitiyama (1991) reported that, in collectivist cultures, individuals tend to adopt an interdependent self-construal that includes relationships with others, whereas in individualist cultures, individuals tend to adopt an independent self-construal that does not include relationships with others. For example, in a collectivist culture such as Japanese society, people tend to define themselves as fundamentally interconnected with significant others and in terms of group affiliation (e.g., father, daughter, coworker, etc.). In contrast, typical members of individualist cultures, such as American society, tend to define themselves with respect to stable internal characteristics (e.g., friendly, compassionate, ambitious, etc.) (Cross et al., 2011) . While much early work was performed in the cross-cultural context, it has also become evident that different forms of self-construal are represented within an individual and within a culture, and that situational determinants can activate one or the other form (Brewer and Gardner, 1996; Chiao et al., 2009; Cross et al., 2011) . This allows for experimental priming of self-construal and for studying how different forms of self-construal affect behavior and brain activity.
Several social psychological studies have investigated the effects of self-construal type on social cognition. For example, Haberstroh et al. (2002) showed that Western participants who were primed with interdependent self-construal were more likely to take on a target person's perspective than participants who were primed with independent self-construal. Similarly, individuals primed with interdependent self-construal listed more possible arguments of a debating opponent, and listened more to the other person's point of view, than those primed with an independent self-construal (Gardner and Seeley, 2001) . Differences in nonsocial cognition have also been reported. For example, Kuhnen et al. (2000) showed that Western participants primed with independent self-construal were faster at detecting geometric figures embedded in larger geometric designs than participants primed with interdependent self-construal. Furthermore, Lin et al. (2008) demonstrated that priming independent self-construal promoted greater focus on individual elements in a global-local processing task, whereas priming interdependent self-construal promoted greater focus on the global target. Together, the evidence to date suggests that interdependent self-construal pro-motes a higher degree of context sensitivity than independent self-construal. If this is true, then self-construal priming should also affect the degree to which a person processes observed actions of another person, with interdependent primes facilitating processing relative to independent primes.
The aim of the current study was to determine the effects of self-construal priming on the human motor cortex while participants engaged in an action observation task. We predicted that interdependent priming would facilitate the processing of observed actions by increasing motor resonance indexed by motor-evoked potentials, whereas independent priming would reduce motor resonance. This pattern of results would demonstrate a strong effect of self-construal type on the activity of primary motor cortex and thereby provide direct evidence that self-construal priming modulates brain activity.
Materials and Methods
Participants. Ten participants (five male, five female; age range, 18 -39 years) took part in the experiment. All participants had normal or corrected-to-normal vision and all were righthanded. The experiment conformed to local ethical guidelines, participants were screened for contraindications before participation, and informed consent was obtained from all participants. Subjects received monetary compensation for their participation.
Apparatus and stimuli. The experiment was programmed using Superlab v.4 (Cedrus) and run on a Dell desktop computer with stimuli displayed on a 20 inch LCD monitor. Transcranial magnetic stimulation (TMS) was performed with a taped figure-eight coil attached to a Magstim Rapid 2 system. EMG data were recorded using a psychophysiological recording system (Biopac Systems). Digital pulses were sent from the computer running Superlab to the Biopac system, which in turn was used to trigger TMS pulses through a solid-state relay drive. Motor-evoked potentials (MEPs) were measured with pairs of 8 mm surface electrodes placed in a belly-tendon arrangement over the abductor pollicis brevis (APB) muscle of the participant's right hand. A ground was placed on the ulnar styloid of the right wrist. The EMG signal was acquired with a 5 kHz sampling rate, amplified (to 5.0 mV), filtered (bandpass, 10 -500 Hz), and sent to a laptop computer for off-line analysis.
Experimental stimuli were videos depicting a right hand (palm facing down) squeezing a rubber ball between the thumb and index finger such that the rubber ball was substantially deformed. The videos consisted of a single squeeze repeated five, six, seven, eight, or nine times. Self-construal primes were superimposed in black font throughout some of the videos (Fig. 1b) . A list of 30 self-construal primes (15 independent, 15 interdependent) was adapted with permission from previous studies (Kuhnen and Hannover, 2000) . The prime words were as follows: Interdependent primes: together, integrate, help, others, family, social, give, lives, team, connected, accommodate, friend, group, cooperate, companion, relationship, affiliation, community, dependence, alliance; Independent primes: independent, individuality, unique, autonomous, distinct, life, distinguished, myself, singular, unconnected, apart, solo, lone, oneself, alone, special, mine, solitary, differ, self. In a pre-experiment baseline condition, 30 MEPs were recorded from the APB muscle while participants passively observed a fixation cross (Fig. 1a) . As reported previously, a lexical decision task revealed no fundamental difference in lexical access times for these two word lists (Hogeveen and Obhi, 2010) . Video-editing was performed using Final Cut Express v.4 (Apple). All inferential statistical analysis was performed using SPSS Statistics 18.0 (SPSS).
Procedure. Participants were seated with their right arm flexed at 90°a nd resting on a pillow positioned on the desk in front of the computer monitor (Fig. 1c) , and a cardboard box and black fabric were used to occlude vision of their hand. The experimenter located the vertex using the inion-nasion line and the preauricular points at the posterior end of each zygomatic arch as landmarks. TMS was delivered through a figureeight coil, held normal to the scalp and 45°to midline, with current flowing in a posterior-anterior direction over the left primary motor cortex. Stimulation began at 70% stimulator output and the coil was moved incrementally until the site eliciting the greatest MEP in the right APB muscle was identified. The optimal location was marked on a Lycra swim cap worn by participants, and a mechanical arm was used to hold the coil in a fixed position. Once the coil was in position, stimulator output was decreased in 5% intervals until the lowest intensity sufficient to elicit five MEPs of ϳ1 mV peak-to-peak amplitude out of 10 TMS pulses was identified. For the sample of participants used in this experiment, stimulation intensity ranged from 56% to 70% (mean: 64.1%) of stimulator output. Before the main experiment, the baseline level of motor cortical output was assessed by delivering 30 TMS pulses at 5 s intervals while participants passively viewed a fixation cross (Fig. 1a) . After the baseline block, each participant was exposed to three randomized blocks of 75 trials showing a rubber ball being squeezed. Specifically, blocks were comprised of 25 neutral (no prime), 25 interdependent prime, and 25 independent prime trials. Each block contained 30 TMS pulses, which were delivered at points of maximum flexion during the action alone (10), interdependent self-construal (10), and independent self-construal (10) videos (i.e., 30 pulses total per condition). Participants were instructed to count the number of squeezes contained in each video and report the number verbally at the end of each trial, to ensure attention to the action.
Following the TMS session, participants were asked whether they noticed anything about the types of words presented in the experiment. After responding, the hypotheses, purpose, and methods of the study were explained in a debriefing session.
Results
Mean peak-to-peak MEP amplitude was calculated for each experimental condition. MEP amplitudes that were greater or less than 3 SDs away from the condition mean were excluded from analysis (resulted in the removal of 5% of the MEP data). After outlier exclusion, mean peak-to-peak MEP amplitude for each experimental condition was entered into a repeated-measures ANOVA, which revealed a main effect of condition (F (3,27) ϭ 9.474, p Ͻ 0.001, partial 2 ϭ 0.513; interdependent prime condition, independent prime condition, no-prime condition, and fixation cross baseline). Planned t tests confirmed that nopriming and interdependent priming conditions produced MEPs of significantly greater amplitude than the MEPs in the fixation cross baseline condition (fixation vs no priming: t (9) ϭ 3.79, p ϭ 0.002; fixation vs interdependent priming: t (9) ϭ 4.12, p ϭ 0.0015) and that the independent priming condition produced an almost significant increase in MEPs compared with the fixation cross baseline (fixation vs independent priming: t (9) ϭ 1.605, p ϭ 0.0715). Thus, observation of the videos, regardless of the priming condition, led to a clear facilitation of the MEPs compared with the baseline fixation-cross condition (Fig. 2a) . Figure  2b shows five representative MEPs from a single subject for the interdependent, independent, and no-priming conditions. Such facilitation of motor cortical outputs associated with action observation has been reported previously (Fadiga et al., 1995 (Fadiga et al., , 2005 Strafella and Paus, 2000; Maeda et al., 2002) , and neurophysiologic and neuroimaging studies in humans suggest that it is mediated by the mirror neuron system (Buccino et al., 2004; Binkofski and Buccino, 2006) in a manner similar to what is observed in nonhuman primates (Gallese et al., 1996; Rizzolatti et al., 2008) .
To compare the effects of interdependent and independent self-construal priming on the excitability of motor cortical output, we calculated the percentage change in MEP amplitude in each priming condition from the no-priming (i.e., action alone) condition. A repeated-measures ANOVA revealed that interdependent and independent self-construal priming produced significantly different percentage changes in MEP amplitude (percentage change for interdependent self-construal priming ϭ 16%, percentage change for independent self-construal priming ϭ Ϫ11%; F (1,9) ϭ 16.133, p ϭ 0.003). Thus, while interdependent self-construal priming facilitated motor cortical outputs beyond the facilitation induced by unprimed action observation, independent self-construal priming relatively suppressed the facilitation induced by unprimed action observation, although this reduction below baseline levels was not quite significant.
Discussion
The aim of this experiment was to determine the effects of selfconstrual priming on motor cortical activation during passive action observation. Participants observed a video of a model squeezing a rubber ball between their index finger and thumb. On 40% of trials, MEPs in the APB muscle were elicited by focal TMS delivered to the contralateral motor cortex. On each trial, an interdependent prime, an independent prime, or no prime was superimposed over the video. Results show that self-construal priming induces dynamic changes in motor corticospinal excitability during action observation, even in mixed blocks of trials wherein interdependent and independent self-construal primes (and no-prime trials) are pseudorandomly interleaved. This reveals a rapid capacity of the brain to switch between self-construal reference frames (i.e., on a timescale of seconds) and provides novel insights into the effects of these shifts on underlying neural processing in the motor cortex.
The pattern of data we observed is suggestive of a dynamic hyperactivation of motor-resonant mechanisms in response to interdependent self-construal priming and a hypoactivation of motor-resonant mechanisms in response to independent selfconstrual priming (although independent priming only showed a trend toward a significant reduction in motor cortical excitability compared with a no-priming condition).
Our results also corroborate important findings from social psychology, where it has been shown that, when individuals are primed with an interdependent self-construal, they tend to mimic an interaction partner more in a subsequent social interaction than when they are primed with an independent selfconstrual (van Baaren et al., 2003) . Behavioral mimicry in social settings has crucial downstream effects, such as increased prosocial behavior (Chartrand and van Baaren, 2009) , and some researchers have suggested that mimicry acts like a social glue that brings people together and maximizes the chances of successful social outcomes (Lakin and Chartrand, 2003) . In addition to the effect of self-construal on behavioral mimicry, other research has suggested changes in processing style, resulting from changes in the scope of visual attention and sensitivity to context, as a result of interdependent or independent self-construal perspective. However, to date there has been very little attempt to address the mechanisms underlying these self-construal effects (Lin et al., 2008; Lieberman and Forster, 2009 ). Our study is among the first to address this gap in our collective knowledge.
Given the essentially parallel pattern of self-construal effects on motor cortical output (shown here) and actual behavioral mimicry (van Baaren et al., 2003) , our findings provide some of the most direct evidence to date that motor resonance, possibly induced via a human mirror system, mediates the occurrence of behavioral mimicry in social settings (van Baaren et al., 2003) . While several authors have suggested a link between the mirror system and social phenomena such as behavioral mimicry (Chartrand and van Baaren, 2009; Iacoboni, 2009; Obhi and Hogeveen, 2010) , until now, no direct evidence supporting this notion has been provided. To be clear, the fact that the same moderator (i.e., self-construal) produces parallel patterns of results on motor cortical output and mimicry in social settings supports the idea that the two phenomena are mediated by common mechanisms (although this has not been proven).
What mechanisms might account for the observed selfconstrual-induced modulation of motor cortical outputs? Given the nature of the primes used in this experiment, it seems sensible that any explanation of our results should be based on some form of top-down modulation of activity in brain areas that produce motor resonance. One possibility is that interdependent selfconstrual priming induces greater activity in brain areas sensitive to (social) visual motor input and independent priming induces a reduction in activation in these same areas. Because we are hypothesizing a modulation of areas involved in the initial coding of social action input, this explanation can be classed as an input modulation account of self-construal priming. The exact mechanisms involved in this input-modulation cannot be gleaned from the present work. Again, this idea predicts greater activation in higher-order visual areas (that are thought to provide input to the parietofrontal mirror network), such as the posterior part of the superior temporal sulcus (pSTS), when interdependence is primed, and lower activation when independence is primed. This prediction is consistent with psychophysiological data showing a modulation in higher-order visual processing with interdependent and independent self-construal priming (Lin et al., 2008) . Furthermore, such changes in activity in higher-order visual areas should be correlated with activity in areas implicated in selfrelated cognition, such as the medial prefrontal cortex (mPFC). This suggestion is supported by previous studies in which topdown modulation of higher-order social visual processing has been demonstrated and explained with the idea that mPFC [and temporoparietal junction (TPJ)] directly modulates processing in STS (Teufel et al., 2010) . Future studies examining whether interdependent priming modulates activity in the pSTS seem warranted.
Another type of account posits that some aspect of mirror activity itself is affected by the primes. This type of account could be labeled a resonance-modulation account of self-construal effects and may or may not occur in conjunction with the input modulation described above. Several studies have shown that increased self-focus is correlated with increased brain activity in self-related processing regions, including the medial prefrontal and other cortical midline structures (CMS) (Northoff et al., 2006; Han and Northoff, 2009 ). However, as has been discussed in the literature, the exact nature of the self-related processing that mPFC and CMS activity represents is varied and complex, and is thought to include processes related to the other self-other distinction. (Uddin et al., 2005 (Uddin et al., , 2007 . One possibility is that increased activity in self-related brain areas due to independent self-construal priming could increase any inhibitory effect of these areas on regions involved in processing information pertaining to others. Interdependent self-construal priming might reduce activity in self-related brain areas, which would in turn reduce any normally inhibitory influence of these areas on regions that process information emanating from others in the context. Evidence for an inhibitory relationship between areas involved in self-related processing and mirror areas comes from observations that mPFC activity is negatively correlated with activity in the insula, an area implicated in mirroring observed action (Cheng et al., 2007; Spengler et al., 2010) . Cheng et al. (2007) argued for an inhibitory effect of the mPFC on the insula, which they suggest helps reduce the automatic mirroring that occurs when someone watches another individual in pain.
An additional, perhaps simpler, mechanism is a direct influence from medial prefrontal areas to premotor cortex that modulates motor cortical output (Miller, 2000; Amodio and Frith, 2006) . This idea could be described as a direct-modulation account of self-construal effects.
Finally, in the present task, participants did not produce an action in response to the video. Hence, perhaps inhibition of automatic imitation was necessary in all trials. Spengler et al. (2009) have suggested that prefrontal areas (anterior frontal median cortex) and the TPJ are activated when shared representations have to be controlled to prevent automatic imitation. If MEPs index the success of imitative control processes (larger MEPs, less successful control; smaller MEPs, more successful control), then self-construal priming could be described as modulating imitative control. According to Spengler et al. (2009) , this ability is fundamentally linked to the ability to distinguish self from other. A specific prediction is that interdependence serves to reduce the self-other distinction, whereas independence serves to increase it [and these changes result in corresponding changes in motor cortical output . Future work addressing these input modulation, resonance modulation, and direct modulation possibilities is required.
Given the relationship between mirror system activity and empathy (Avenanti et al., 2005; Fecteau et al., 2008; Keysers and Gazzola, 2009) , rapid modulations of mirror sensitivity could have explanatory power for certain social psychological phenomena. For example, in the famous Milgram obedience to authority experiments (Milgram, 1965) , the majority of teachers were prepared to deliver fatal shocks to learners when they were in separate rooms, but this proportion was reduced when an interdependent mental frame was facilitated by placing teacher and learner in close proximity (for evidence of a link between physical proximity and interdependent self-construal, see Holland et al., 2004 ). The applied significance of our findings could also include
